The temporal locus of morphological decomposition in spoken-word recognition was explored in three experiments in which French participants detected the initial CV (LA) or CVC (LAV) in matched monomorphemic pseudosuffixed (lavande) and polymorphemic-suffixed (lavage) carrier words. The proportion of foil trials was increased across experiments (0, 50, or 100%) to delay the moment when participants responded. For the experiment without foils and with the fastest reaction times, a similar pattern of results was obtained for the two types of carrier words. In contrast, an interaction between target type and morphological status of the carrier was obtained when the proportion of foils was higher and the detection latencies were slower. These results point to a late processing locus of morphological decomposition.
INTRODUCTION
How can we understand the meaning of a novel morphologically complex word like optionalization? We appear to manage this remarkable feat of recognizing neologisms by deriving their meaning from that of their component morphological parts. But what happens when we recognize more com-mon morphologically complex words like unhappy and unforgettable? Do we recognize their stems-happy and forget-and their affixes-un-and -able-separately? Does the mental lexicon store such morphological information independently? If there is morphological decomposition, when does it takes place (before or after) with respect to lexical identification?
Theories of morphological processing can be ranged along a continuum whose extremities are represented by the decompositional hypothesis (Taft & Forster, 1975) and by the Full Listing Hypothesis (Butterworth, 1983) . Current theories have shifted to the middle ground and are distinguishable from each other not so much by whether morphological decomposition takes place but rather when, with respect to lexical identification, it takes place. Some models (Taft, 1979 (Taft, , 1994 suggest that morphemic representations are activated before the whole word is recognized (prelexical morphemic influence). Others (Burani & Caramazza, 1987; Laudanna, Badecker, & Caramazza, 1989 , 1992 ; see also Chialant & Caramazza, 1995) suppose activation of whole-word representations before morphological information becomes available (postlexical morphemic influence). Still others (Frauenfelder & Schreuder, 1991; Schreuder & Baayen, 1994) assume that morphological information becomes available either prelexically or postlexically depending on properties of the word to be recognized.
Determining the prelexical or postlexical locus of morphological decomposition requires experimental tools with certain characteristics. First, they must generate on-line measures in which listener's responses are made during the processing of the stimulus itself. Second, they must have high temporal resolution such that a precise processing moment can be studied. Finally, the experimenter should be able to shift this moment through experimental manipulation. Ideally then, the experimental task should allow the researcher to follow the time course of processing and determine which processing moment is being tapped into.
Monitoring procedures appear to have some of the properties required to study time-course issues in morphological processing. More specifically, these on-line responses can be based on either a prelexical or lexical representation (or both) depending on the details of the experimental procedure. For example, the position of the target in the carrier word or the nature of the filler items can determine the locus of the response. Until now only the phoneme-monitoring task has been used to study morphological processing (Meunier, 1997; Schriefers, Zwitserlood, & Roelofs, 1991) . However, sequence-monitoring (Frauenfelder & Kearns, 1997) , which involves detecting larger targets, appears to have some further advantages. In particular, the presence of foil trials-on which there is a partial match between target and carrier-can affect the detection latencies and hence the depth of processing. In what follows, a sequence detection task with foil manipulations is used. 
METHOD

Stimuli
The targets and carrier items making up the test trials were identical for the three experiments (see examples in Table 1 ). Carrier items were selected as pairs, matched in word frequency and phonemic length. One member was a monomorphemic word with a pseudostem [lavande (lavander) ] and the other a suffixed word [lavϩage (washϩing)] . No word began with a prefix or pseudoprefix. All stems were free. The CV and CVC targets corresponded either to the first syllable, -/LA/ in la/vande or in la/vage, or to the pseudostem or to the stem -/LAV/, respectively, in lavande and lavage.
The proportions of foils and distracter trials varied across the experiments: Experiment 1, 100% distracters; Experiment 2, 50% distracters and 50% foils; and Experiment 3, 100% foils. In foil trials, the target shared some, but not all of its phonemes with the word carrier, like the target /BU/ in the carrier /balãs/ (balance). In distracter trials, the target did not share any phonemes with the carrier, like the target /BU/ in the carrier /kaRe/ (square). (Fig. 1c) . If morphemic structure does not influence word recognition, as the Full Listing Hypothesis proposes, we should obtain systematically faster RTs for the CV than for the CVC target in both carrier conditions. This pattern is predicted because the target corresponds to the first syllable according to a syllabic account (Mehler, Dommergues, Frauenfelder, & Segui, 1981) or because there are fewer phonemes to detect according to a phonemic account (Cutler & Norris, 1986) .
Hypotheses No Effect of Morphological Structure
Early Influence of Morphological Structure (Fig. 1a) . If morphemic information has a prelexical influence on the recognition process, as a decomposition hypothesis assumes (Taft and Forster, 1975) , the detection of CVC targets should always be faster, independent of whether they occur in monomorphemic or polymorphemic words. For both carrier word types, a ''blind'' morphemic analysis is first conducted, thereby producing an effect of morphological structure even for monomorphemic words with a pseudostem. It should be noted that the RT advantage of CVC over CV targets predicted for both carriers could actually be reduced or even eliminated due to the opposing influence of the syllabic/phonemic effects. Therefore, an absence of a difference between two target types could also be consistent with this hypothesis.
Late Influence of Morphological Structure (Fig. 1b) . If morphemic information has a postlexical influence, a detection advantage for CVC targets should be observed not for the carrier with the pseudostem but only for polymorphemic carrier words. Here, the whole word is first identified and then the morphological parts of the word become available. Faster RTs for CV targets are predicted with monomorphemic words for which no morphological structure is represented in the lexicon. Like for the proceding hypothesis, a weaker version that takes into account the counteracting phonemic/syllabic effect would predict a noncrossover interaction between target and carrier type.
Effect of the Proportion of Foils. To examine the time course of morphological processing in greater detail, we manipulated the proportion of foils. By increasing this proportion, we expected to increase RTs, thereby allowing lexical processing to proceed further. The experiment with 100% foils should slow responses down the most and tap into later processing. In contrast, the experiment without foils should generate the earliest responses and is the most likely to reveal prelexical morphemic effects. Table 2 summarizes the likelihood of early and late morphological effects as a function of the foil manipulation.
Procedure
The same procedure was used for all experiments. Each experiment started with 10 training trials and continued with 216 test trials. On each trial, participants first heard a beep and then after 250 ms they received the CV or CVC target auditorily. Finally after 400 ms they heard a word that contained (carrier word) or did not contain (filler word) this target in initial position. They were instructed to push the reaction time button as quickly as possible when they detected the target. The presentation order of each member of the experimental pairs was counterbalanced. Half the participants heard the monomorphemic and then the polymorphemic word; the other half heard these items in opposite order. The same counterbalancing was used for the targets. The targets and carriers were proposed by different native speakers of French to avoid any acoustical matching by participants.
EXPERIMENT 1: NO FOILS
Participants
Thirty native French participants from the University of Geneva took part in this experiment.
Results
The results for this experiment as well as those for the other two are presented in Fig. 2 . The CV syllabic targets were detected faster than CVC (pseudo)stem targets [F1(1, 29) ϭ 9.984, p Ͻ .01; F2(1, 32) ϭ 4.087, p ϭ .05)]. Further, the RTs for suffixed words were faster than for monomorphemic words only in the by-subject analysis [F1(1, 29) ϭ 6.441, p ϭ .01]. The interaction between target and carrier types was not significant [F(1, 29) ϭ 1.14, p Ͻ .1; F2(1, 29) Ͻ 1].
EXPERIMENT 2: 50% FOILS
Participants
Thirty-one French students from the University of Geneva participated in this experiment.
Results
Overall, CV syllabic targets were detected faster than CVC (pseudo)stem targets [F1(1, 30) ϭ 22.227, p Ͻ .01 and F2(1, 28) F2(1, 14) ϭ 10.513, p Ͻ .01; polymorphemic: F1(1, 30) ϭ 2.394, p Ͼ .1,  F2(1, 14) ϭ 3.073, p Ͼ .1] . Moreover, the advantage for polymorphemic items effect was only significant on the by-subject analysis [F1(1, 30) 
Participants
Results
Overall, CV syllabic targets were detected faster than the CVC (pseudo-) stem targets on the by-subject and by-item analyses [F1(1, 26) No differences on subjects' errors were significant in any of the three experiments (error rate was less than 5%).
COMPARISON BETWEEN THE THREE EXPERIMENTS
Detection latencies differed significantly across experiments [F(2, 85) ϭ 51.622, p Ͻ .001]. Post hoc comparisons showed significant differences between the three experiments (Scheffé test, p Ͻ .001); participants detected targets faster in the first experiment (m ϭ 429 ms) than in the second (m ϭ 598 ms) and faster in the second than in the third (695 ms).
DISCUSSION
These experiments indicate that morphological structure has an influence on the recognition of morphologically complex spoken words. Indeed, different patterns of results were obtained for monomorphemic words with a pseudostem and truly morphologically complex words. For the former, all three experiments showed a phonological/syllabic effect (CV target Ͻ pseudostem CVC target) independent of the proportion of foils. In contrast, the results for the polymorphemic carriers varied as a function of the foil manipulation. An advantage for the detection of the CV targets was obtained only in the absence of foils. When the proportion of foils was high (50 or 100%), this advantage disappeared due to the effect of the morphological match. In sum, the fact that the morphological effect was limited to polymorphemic words and to slower RTs clearly points to a late processing locus for morphology.
Although these results suggest that morphological information becomes available postlexically, they do not allow us to decide between different morphological formats. Indeed, they are compatible with accounts which assume that whole words and morphemes are represented as separate entries in the lexicon (AAM model, Laudanna, Badecker, & Caramazza, 1989) or that words are represented as a network of morphemes (Fowler et al., 1985; Schriefers et al., 1991) . They are inconsistent with either extreme on the morphological continuum represented by Taft's model and the Full Listing Hypothesis.
The present study has shown that the sequence monitoring paradigm combined with the manipulation of the proportion of foils gives the researcher some control over response speed and depth of processing. It provides a useful tool for studying the time course of spoken-word recognition. When applied to prefixes this procedure could provide some important insights since it has been argued (Colé, Beauvillain, & Segui, 1989; Meunier, 1997) that prefixed and suffixed words are not processed the same way. Further research is clearly necessary to determine the exact location of French morphological processing on this continuum.
